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ABSTRACT ARTICLE HISTORY
Background: Accumulating data suggest antiviral effects of povidone-iodine against the Severe Received 17 February 2022
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus. This narrative review aims to Revised 22 April 2022
examine the antiviral mechanisms of povidone-iodine, efficacy of povidone-iodine against the ~ Accepted 8 May 2022
SARS-CoV-2 virus, and safety of povidone-iodine to human epithelial cells and thyroid function. KEYWORDS
Methods: We searched the electronic databases PubMed, Embase, Cochrane Library, Povidone-iodine: mecha-
ClinicalTrials.gov and World Health Organization’s International Clinical Trials Registry Platform nisms; SARS—CoV’—Z; clinical
for articles containing the keywords “povidone-iodine”, “SARS-CoV-2" and “COVID-19” from data- studies; adverse effects
base inception till 3 June 2021.

Results: Despite in vitro data supporting the anti-SARS-CoV-2 effects of povidone-iodine, find-

ings from clinical studies revealed differences in treatment response depending on study set-

tings (healthy vs. hospitalized individuals), treatment target (nasal vs. oral vs. pharynx), method

of administration (oral rinse vs. gargle vs. throat spray) and choice of samples used to measure

study endpoints (nasopharyngeal vs. saliva). One large-scale clinical trial demonstrated reduction

in the incidence of SARS-CoV-2 infection among participants who administered povidone-iodine

3 times daily during an active outbreak. Povidone-iodine is also used to disinfect the oro-pha-

ryngeal space prior to dental or otolaryngology procedures. Although existing data suggest min-

imal impact of povidone-iodine on thyroid function, high-quality safety data are

presently lacking.

Conclusions: Povidone-iodine application to the oropharyngeal space could complement exist-

ing non-pharmacological interventions to reduce SARS-CoV-2 infection especially in high expos-

ure settings.

KEY MESSAGES

e Accumulating data suggest antiviral effects of povidone-iodine against the SARS-CoV-2 virus.

e Findings from clinical studies reveal differences in treatment response depending on study
settings, treatment target, method of administration and choice of samples used to measure
study endpoints. One large-scale clinical trial observed reduction in the incidence of SARS-
CoV-2 infection among participants who administered povidone-iodine 3 times daily during
an active outbreak.

e Povidone-iodine application to the oropharyngeal space could complement existing non-
pharmacological interventions to reduce SARS-CoV-2 infection especially in high expos-
ure settings.

Abbreviations: MERS-CoV: Middle East respiratory syndrome-related coronavirus; SARS-CoV:
Severe acute respiratory syndrome coronavirus 1; SARS-CoV-2: Severe acute respiratory syn-
drome coronavirus 2; PCR: Polymerase chain reaction; TSH: Thyroid stimulating hormone; ACE-2:
Angiotensin converting enzyme 2; T3: Triiodothyronine; T4: Thyroxine

Introduction management [1]. By targeting cell membranes, povi-
done-iodine exerts potent anti-bacterial and anti-fun-
gal effects [2], and is generally well tolerated when
applied to skin surfaces [3]. Interest in povidone-iodine

Povidone-iodine is a broad-spectrum antiseptic that is
widely used to disinfect surgical sites and in wound
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has surged during this pandemic following reports
from preclinical and clinical studies supporting its anti-
viral effects against the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) virus [4-6], in
addition to other respiratory viruses such as influenza
[71, SARS-CoV [8] and MERS-CoV [8-10]. In cell culture
studies, povidone-iodine inhibits SARS-CoV-2 replica-
tion rapidly [4,6], prompting clinical studies to explore
the use of povidone-iodine to disinfect the oropharyn-
geal space before dental [11] and otolaryngology [12]
procedures. When applied regularly to the oropharyn-
geal space, one large-scale clinical trial that was con-
ducted during an active outbreak showed povidone-
iodine could significantly reduce SARS-CoV-2 infection
by more than 20% compared with an active compara-
tor among residents living in a crowded dormi-
tory [13].

Previous reviews have focussed on the use of povi-
done-iodine to disinfect the oral cavity during dental
[11,14-18] and otolaryngology procedures [12,19,20]
but did not elaborate on its practical application in
endemic and high-transmission settings in the com-
munity. There is an emergent need to evaluate povi-
done-iodine in this context, in light of accumulating
data surrounding its ability to manage transmission
risks in the community. This review aims to examine
the pharmacology of povidone-iodine and review data
from preclinical and human studies to critically
appraise the antiviral effects of povidone-iodine
against the SARS-CoV-2 virus. We also reviewed the lit-
erature to examine safety of povidone-iodine when
applied locally to the oropharyngeal space and its
effects to thyroid function.
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Materials and methods

This narrative review was based on a literature search
of electronic databases PubMed, Embase, The
Cochrane Library, ClinicalTrials.gov and World Health
Organization’s International Clinical Trials Registry
Platform, from database inception up till 3 June 2021.
The grey literature was also searched, including
Google Scholar, bioRxiv and medRxiv. The search strat-
egy included the terms “povidone-iodine”, “SARS-CoV-
2" and “COVID-19". The full inclusion and exclusion cri-
teria are appended in Supplementary Table 1.

Pharmacology and antiviral actions of
povidone-iodine

Povidone-iodine is a water-soluble complex of iodine
and its carrier molecule polyvinylpyrrolidone (PVP, also
called povidone) [21]. Povidone-iodine maintains an
equilibrium state in an aqueous solution and exerts its
antimicrobial effects after free iodine dissociates from
PVP [21]. The free iodine (l,) is presumed to kill bac-
teria and viruses by oxidizing membrane proteins on
the surfaces of bacteria and viruses (Figure 1) [22].
Once |, is consumed [2], other iodine species in the
solution (e.g. I3~ , I and 1057) are then used to
replenish the decreased levels of |, [23]. In histology
studies, povidone-iodine has been shown to spread
parallel to the external surface of the epithelium, pen-
etrating to the level of the prickle cells of the stratum
spinosum [24]. As blood supply to the mucosa is
located deeper in the epidermis, direct absorption of
povidone-iodine into the circulation is limited (Figure
2) [24]. The antimicrobial efficacy of povidone-iodine

Decreased concentration of free iodine (1,)
causes more free iodine to be released

from the povidone-iodine complex
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Figure 1. Effect of povidone-iodine on pathogen cellular structures. In aqueous solution, povidone-iodine dissolves to release free
iodine, which then oxidizes membrane proteins on the surfaces of virus and bacterial pathogens [21].
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Figure 2. Povidone-iodine exerting its local anti-SARS-CoV-2 effects. The oropharynx is lined by stratified squamous non-keratiniz-
ing epithelium, with its underlying lamina propria and muscularis externa [98]. These epithelial cells contain ACE2 receptors, which
are entry points for SARS-CoV-2 into humans tissues [90]. By coating the oropharynx, povidone-iodine blocks entry of the SARS-
CoV-2 virus into host cells and prevents its spread to adjacent tissues.

follows a bell-shaped curve where optimal efficacy
occurs between 0.1% and 1.0% concentration, thereby
allowing reduced amounts of iodine to exert its anti-
septic effects [23]. Povidone-iodine interacts with bac-
terial and fungal cell walls and causes pore formation
or solid-liquid interfaces at the lipid membrane, result-
ing in loss of cytosol materials and enzyme denatur-
ation in cell walls [2]. In clinical practice, povidone-
iodine is widely used to prevent surgical site infection,
and in treatment of burns, wounds and eye infections
[22-29]. The antiviral mechanisms of povidone-iodine
are less understood [1]. One study suggested that
povidone-iodine could reduce replication of the avian
and human influenza A by inhibiting the N1, N2 and
N3 neuraminidases and viral haemagglutinin [7]. Other
studies hypothesized that povidone-iodine could
increase release of reactive oxygen species intermedia-
ries capable of triggering oxidative damage to key
virus structures [2,30].

Following entry of the SARS-CoV-2 virus into upper
respiratory epithelial cells, further replication of the
virus occurs, resulting in infection and spread to adja-
cent tissues [31]. Virus particles present on the surface
of cells could also migrate to more distant respiratory
tissues through the continuous actions of cilia on epi-
thelial cells and by mixing with saliva and mucous
before reaching the bronchi and alveoli [32]. The anti-
viral effects of povidone-iodine on coronaviruses were

first suggested by studies that showed significant
reduction in virus load following exposure to the
SARS-CoV-1 and MERS-CoV viruses (Supplementary
Table 2) [8-10]. Interests in the anti-viral effects of
povidone-iodine against SARS-CoV-2 stem from pre-
clinical studies showing significant reduction in virus
load following exposure to povidone-iodine in concen-
trations ranging between 0.45% and 10% (Table 1)
[6,12,32,36]. One study attributed the antiviral effects
of povidone-iodine to its direct cytotoxicity to infected
host cells [41] while another study suggested that
povidone-iodine could destabilize the lipid envelope,
lyse spike proteins and oxidize the nucleic acid of
virus particles [42]. These actions are less likely to be
mediated by binding of povidone-iodine to specific
viral targets as data from in silico studies suggest poor
affinity of povidone-iodine for SARS-CoV-2 pro-
teins [43].

Efficacy of povidone-iodine against the SARS-CoV-
2 virus

Despite these in vitro data, there is paucity of high-
quality data from human studies. Several studies have
focussed on the application of povidone-iodine to dis-
infect the oropharyngeal space during dental and oto-
rhinolaryngology procedures, with a majority showing
a reduction in virus titres (Table 2). One large-scale
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Table 1. Study characteristics and results for in-vitro and animal studies.

SARS-CoV-2 virus

Shortest contact time taken

Povidone-iodine formulation  for reduction in SARS-CoV-

Studies Type of povidone-iodine titre reduction and concentration 2 titres
[4] Betadine® antiseptic solution >4 log10 0.45% throat spray 30s
(povidone-iodine 10% w/v), 0.5% gargle/mouth wash
Betadine® antiseptic skin 1% gargle/mouth wash
cleanser (povidone-iodine 7.5% 7.5% skin cleanser
w/v), Betadine® gargle and 10% antiseptic solution
mouth wash (povidone-iodine
1.0% w/v) and Betadine®
throat spray (povidone-iodine
0.45% w/v)
Bidra et al., Povidone-iodine oral rinse >3 log10 0.5%, 1.25% and 1.5% 30s
2020 [5] antiseptic solutions (Veloce >4 log10 0.5%, 1.25% and 1.5% 15s
BioPharma; Fort Lauderdale, FL)
[6] Oral rinse antiseptic solution >3 log10 0.5%, 0.75% and 1.5% 30s
(Veloce BioPharma) consisting
of various concentrations of
aqueous povidone-iodine as
the sole active ingredient
[33] Povident (Huddersfield Pharmacy >4 log10 0.58 % 1 min
Specials), surfactant free
[12] Nasal rinse antiseptic solution >3 log10 2.5%, 1.25% and 0.50% 15s
(from Veloce BioPharma) that
contains aqueous povidone-
iodine as the sole
active ingredient
[34] Betadine® gargle and mouthwash ~ >5 log10 1% 155
(1% povidone-iodine) 0.5% 30s
>4 log10 0.5% 15s
[35] Povidone-iodine >3 log10 0.5% 30s
[Preprint] mouthwash (Videne)
[36] Nasodine Antiseptic Nasal Spray >3 log10 0.5% Nasodine 15s
[Preprint] (0.5% povidone-iodine) by 0.5% povidone-iodine alone  5min
Firebrick Pharma Limited, (prepared in saline)
Melbourne Australia. >4 log10 0.5% Nasodine 5 min
0.5% povidone-iodine alone  15min
(prepared in saline)
[37] Povidone iodine, available >3 log10 1% 60s
commercially at 2%
Liang et al., 2020 [38] Two sustained release povidone- >3 log10 0.5% and 0.9% ophthalmic 30s
[Preprint] iodine in-situ gel forming eye drop
formulations, IVIEW-1201 0.3% and 0.54% nasal spray
ophthalmic eye drops and 0.28% ophthalmic eye drop 10 min
IVIEW-1503 nasal spray, 0.17% nasal spray
consisting of 1.0 % and 0.6%
of Povidone-iodine (w/w),
respectively
[39] Nasal antiseptic solutions and oral >4 log10 1.0%, 2.5%, 5.0% nasal 60s
rinse antiseptic solutions antiseptic
consisting of aqueous 1.0%, 1.5%, 3.0% oral
povidone-iodine rinse antiseptic
(Veloce BioPharma)
[40] 0.5% povidone-iodine oral rinse >4 log10 0.5% 30s

formulation (Betadine® Oral
Rinse, Avrio Health L.P.)

clinical trial that was conducted during an active
SARS-CoV-2 outbreak within a crowded dormitory
showed a significant absolute risk reduction by more
than 20% among participants who were randomized
to receive povidone-iodine throat spray compared
with those who received vitamin C [13]. Other than
this preventive trial [13], most studies that examined
the efficacy of povidone-iodine enrolled cohorts rang-
ing from 4 to 189 participants [48,52]. Some of these
studies measured virus load from nasopharyngeal

samples [13,44,47,49], while others measured virus
load in saliva [48,45,51]. As few studies correlated their
cycle threshold (Ct) values with virus load, data from
existing studies cannot be pooled to reliably compare
the overall effects of povidone-iodine on virus load.
Existing PCR methods do not distinguish between
inactivated “dead” and “viable” viruses which are
necessary to assess the efficacy of povidone-iodine.
For example, although two clinical studies observed
significant reduction in Ct values following povidone-
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iodine mouth rinse that is comparable to levels follow-
ing chlorhexidine use [45,46], another study did not
observe statistically significant differences in pre-post
levels [51]. Data from recovered COVID-19 patients
indicate that PCR positivity could occasionally persist
for more than 5 months [53] in the absence of infectiv-
ity as verified using Vero-E6 cell cultures [54]. Despite
reports of rapid inactivation of the SARS-CoV-2 virus in
the laboratory [4,34], Seneviratne and colleagues
reported that reduction in virus load only occurs 6 h
after povidone-iodine mouth wash use in humans; the
lag-time may be due to the initial salivary washout of
povidone-iodine and its delayed downstream actions
[51]. Future adequately powered studies should con-
sider examining the amount and viability of the virus
from the nasal and oropharyngeal mucosa, and stand-
ardizing the methods and timing of sample collection
following povidone-iodine use.

Safety and tolerability of povidone-iodine in the
oropharyngeal mucosa

Existing data support the overall safety of povidone-
iodine when applied to skin surfaces for wound man-
agement and pre-operative skin disinfection protocols
[1]. Povidone-iodine (up to a concentration of 10%)
has been marketed as a non-prescription medication
that is available over-the-counter in many countries
(Table 1). At higher concentrations, however, concerns
have been raised on the safety of povidone-iodine to
skin surfaces, especially to epithelial cells, fibroblasts,
granulocytes, monocytes and keratinocytes [55-57].
Under experimental settings, limited data from human
epithelial cells suggest potential for cytotoxicity when
cells are continuously exposed to high concentrations
of povidone-iodine for prolonged periods of up to
24 h [58]. These concerns, however, are not supported
by other studies which showed no significant cytotox-
icity or delayed wound healing among those who
received povidone-iodine at concentrations up to 5%
[59,60]. Furthermore, no significant effects on muco-
ciliary function were observed when epithelial cells
were exposed to povidone-iodine for 7 weeks, despite
lacking the cellular network that protects these cells
from cytotoxic injuries [59,61]. In vivo, excess amounts
of povidone-iodine could possibly be washed away by
saliva or redistributed to peripheral and surrounding
areas through the mucociliary actions of the cilia. The
antimicrobial effects of povidone-iodine appear to
spare naturally occurring microbial flora in the oral
cavity which may have intracellular niches. One study
observed no deleterious effects of povidone-iodine on
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the nitrate-reducing species (Veillonella dispar) follow-
ing exposure to povidone-iodine [62,63].

Irritant and allergenic potential of povidone-iodine
lodine-containing antiseptics are known to cause skin
irritation [64]. Povidone-iodine could trigger a local
irritant reaction in areas where there is pooling and
prolonged contact with povidone-iodine [64-66],
which could be exacerbated by the desiccating effects
of alcohol before povidone-iodine use. Compared with
other iodine-containing antiseptics (e.g. potassium iod-
ide and alcoholic tincture solutions), the complex of
povidone and iodine allows for a gradual release of
free iodine which reduces cellular toxicity that might
result from a sharp increase in iodine exposure [67].
When applied to a moist surface (e.g. oropharyngeal
mucosa), existing data suggest that povidone-iodine
may not be as irritating as it is to skin and is generally
well-tolerated. In a clinical trial involving 735 partici-
pants who received povidone-iodine (0.45% concen-
tration), none reported local irritant effects of
povidone-iodine despite applying povidone iodine
throat spray 3 times daily to the throat for 42 d [13].
Although largely self-limited nasal tingling has been
reported in some studies [44,47,68], data from one
clinical trial did not observe alterations in nasal func-
tion or detectable damage to the ciliated epithe-
lium [69].

Povidone-iodine is also weakly allergenic. In a
patch-test study involving 500 individuals, only 2
(0.4%) participants were found to have a true allergic
contact dermatitis reaction to povidone-iodine (1%
concentration) [3]. Although anaphylactic reactions
have been attributed to povidone-iodine [70-73],
questions have been raised about the nature and
pathophysiology of these hypersensitivity reaction as
some individuals with previous reactions could
respond to other allergens present in iodinated radio-
logical contrasts [74,75], or iodine-containing food and
medications [76]. Povidone-iodine is not known to
stain the teeth [77] and has good acceptability in
terms of taste, after-taste, and odour [78]. Rarely, povi-
done-iodine used to disinfect the oral cavity in prepar-
ation for surgery has been reported to cause
aspiration pneumonitis following general anaesthe-
sia [79-81].

Impact on thyroid function

Small amounts of povidone-iodine may be washed
away by saliva and ingested when povidone-iodine is
applied to the oral cavity or pharynx. Concerns for the
cumulative impact on thyroid function stem from
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Figure 3. Methods of delivering povidone-iodine to the nasal and oropharyngeal spaces. (A) Nasal drops that are administered
through the nostrils could deliver povidone-iodine to the nasal space and, to a lesser extent, the pharynx. (B) Oral gargle solution
could cover the oral cavity and pharynx when correctly supervised. (C) Throat spray could direct administration of povidone-iodine
to the pharynx. Due to the proximity of the pharynx and oesophagus, occasional swallowing of povidone-iodine could occur with

the different methods of delivery.

several case reports and smaller cohorts reporting
alterations in thyroid hormones following long-term
use of povidone-iodine [82-85]. Overt hypothyroidism
was reported in an elderly man who gargled 60-90 mL
of undiluted povidone-iodine gargle solution (7% con-
centration) per month for more than 10 years [82],
while a cohort analysis of 46 young adults observed
mild increase in thyroid-stimulating hormone (TSH)
(within limits of normal ranges) after a 6-month use of
povidone-iodine gargle (5% concentration) in the
treatment of gingivitis and dental plaque [85]. Another
study similarly reported a mild increase in serum TSH
after povidone-iodine treatment for 24 weeks which
normalized after 3 weeks [84]. Among patients diag-
nosed with SARS-CoV-2 infection, rise in TSH occurred
after a 5-d use of povidone-iodine solution (1% con-
centration), before normalizing after 7-12 d following
medication discontinuation [47]. However, one study
that applied povidone-iodine gargle (5% concentra-
tion) daily for 6 months did not observe significant
changes in T3 and T4 levels [85]. Further studies are
needed to investigate the risk of mild thyroid dysfunc-
tion following povidone-iodine use compared with the
benefits in SARS-CoV-2 prophylaxis. Until such safety
data become available, certain individuals should be
advised to limit or avoid oropharyngeal administration
of povidone-iodine, especially those with pre-existing
thyroid disease [86], pregnant women [87] and breast-
feeding mothers [86].

Practical considerations when applying
povidone-iodine

Unlike the SARS-CoV virus which mostly targets alveo-
lar epithelial cells of the lower respiratory tracts

[88,89], the SARS-CoV-2 virus invades and replicates in
epithelial cells of the nasal and oropharyngeal cavities
[8,90]. Active virus shedding and transmission could
last for 10-14 d before acute respiratory symptoms
develop [90]. The ability to block virus invasion and
create a hostile environment to prevent replication
and shedding of virus is believed to explain the role
of povidone-iodine. Different methods and modalities
of administration have been devised for targeted
delivery of povidone-iodine. Nasal drops or spray
applications have been administered to target the
nasal space, while oral rinse solution mostly covers the
oral cavity (Figure 3). Although an oral gargle solution
could cover both the oral and pharyngeal spaces, this
requires correct gargling techniques, adherence to a
minimum gargling duration and need for a sink to
expel used solutions [91,92]. Untrained and poorly
supervised individuals may instead rinse the oral cav-
ity instead of gargling the solution to cover the phar-
ynx. A study on gargling practices in Japan reported a
wide variation in gargling practices which could com-
promise delivery of povidone-iodine to the intended
site of action [93]. Nasal application could trigger one
to sneeze while oral gargle could cause aerosolization
of virus particles among infected individuals. A
directed spray application could perhaps address exist-
ing limitations by targeting either the pharynx or nasal
space. In the DORM trial, a throat spray was used to
deliver povidone-iodine mostly to the pharynx and
oral cavity [13]. Although this method of administra-
tion does not cover the entire nasal cavity, it is pos-
sible that povidone-iodine that is applied to the
pharynx could be redistributed to parts of the nasal
space through the actions of mucous and cilia, poten-
tially preventing the spread of the SARS-CoV-2 virus



into bronchoalveolar tissues. A practical advantage of
throat spray is the convenience of timing and tailoring
povidone-iodine use to the risk of exposure. In a study
involving four patients with SARS-CoV-2 infection,
decrease in virus titres was sustained for at least 3h
following povidone-iodine use [48]. Existing data sup-
port safety of povidone-iodine when applied topically
to the nasal and oropharyngeal mucosa. In an obser-
vational study, 0.5% PVP-lI gargles and nasal drops
have been safely used 3-4 times daily for 5 months
[68], whereas 0.45% povidone-iodine was used three
times daily for 42 d [13]. To date, the longest duration
of povidone-iodine use (1-1.25%) was 28 months, at a
frequency of four times daily [94].

Clinical applications

Transmission of the SARS-CoV-2 is mostly silent [95].
Concerns for uncontrolled transmission have led many
countries to impose restrictions on gatherings, wear-
ing of facemasks and limiting travels between coun-
tries. Despite mass vaccination, uncontrolled
transmission has been reported in wet markets, malls,
hospitals, clinics, prisons, household contacts, nursing
home facilities and in public transportation (e.g. trains,
buses and planes). Uncertainties surrounding the effi-
cacy of vaccination to fully prevent transmission
against virus variants and concerns of a waning
immunity from vaccination and possibly even prior
infection require additional safeguards especially
among vulnerable individuals. The ability to tailor
povidone-iodine use according to exposure risk is a
key advantage of throat application.

Patients with acute SARS-CoV-2 infection harbour a
higher virus load and could transmit the virus to their
immediate contacts [8]. Among hospitalized patients,
the risk of transmission to healthcare workers is espe-
cially high during aerosol generating procedures such
as endotracheal intubation, and when inserting and
manipulating tracheostomy and nasogastric tubes.
Suresh and colleagues advocated the use of pre-
operative povidone-iodine gargle when preparing
patients with COVID-19 undergoing major surgeries
[96]. Although it appears intuitive that lowering the
amount of live SARS-CoV-2 viruses could reduce the
risk aerosolization and the risk of transmitting the
virus, data on the efficacy of povidone-iodine to pre-
vent infection in these high-risk settings are lacking.
Neither has it been shown that successful lowering of
virus load within the nasal nor oropharyngeal cavities
could indeed reduce the severity of SARS-CoV-2
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infection despite some data linking virus load and dis-
ease severity [97].

Conclusions

Povidone-iodine is a widely available medication that
has potent antiviral effects that can be safely adminis-
tered to the oropharyngeal mucosa to potentially
reduce SARS-CoV-2 transmission. Adverse events from
povidone-iodine are mostly mild and self-limiting.
Although existing data suggest that ingestion of small
amounts of povidone-iodine may not affect thyroid
function, high-quality data are presently lacking. When
applied correctly, povidone-iodine could create a hos-
tile environment for virus replication and alter the
transmission dynamics of SARS-CoV-2. Future studies
are needed to examine the acceptance and tolerability
of povidone-iodine in the community, the role of povi-
done iodine throat sprays in diverse community and
clinical settings and the long-term impact of povi-
done-iodine use on thyroid function.

Acknowledgements

The authors thank Ms Toh Kim Kee from the Medical Library,
National University of Singapore, Singapore, for assisting
with the search strategy for articles included in this review.
Images were created using BioRender.

Author contributions

NAL contributed to the conception of the work, acquisition
and interpretation of data, as well as the drafting and revi-
sion of the manuscript. OT contributed to the conception of
the work, acquisition and interpretation of data, as well as
the drafting and revision of the manuscript. RS contributed
to the conception of the work, acquisition and interpretation
of data, as well as the drafting and revision of the manu-
script. LB contributed to the conception of the work, acquisi-
tion and interpretation of data. CN contributed to the
conception of the work, acquisition and interpretation of
data. AQ contributed to the conception of the work, and the
drafting and revision of the manuscript. PT contributed to
the conception of the work, and the drafting and revision of
the manuscript. All authors read and approved the
final manuscript.

Disclosure statement

Dr Seet reported receiving research grants from the National
Medical Research Council and Temasek Foundation, Singapore.

Funding

The authors are grateful to the National Medical Research
Council [COVID19RF2-0052, CSA-SI/0003/2015, CSA-SI/0005/



1496 N.-A. LIM ET AL.

2021],

Temasek Foundation - Singapore Millennium

Foundation (SMF), and National University Hospital Research
Office [NUHSRO/2020/069] for their generous support.

Data availability statement

The data that support the findings of this study are available
in publicly available databases like PubMed, Cochrane,
Embase, ClinicalTrials.gov, and World Health Organization’s
International Clinical Trials Registry Platform. The search
strategy used can be found in Supplementary Table 3.

References

(1l

[2]

3]

(4]

[5]

(6]

[7]

(8l

)

(10

(11

[12]

Bigliardi PL, Alsagoff SAL, El-Kafrawi HY, et al.
Povidone iodine in wound healing: a review of cur-
rent concepts and practices. Int J Surg. 2017;44:
1-268.

Schreier H, Erdos G, Reimer K, et al. Molecular effects
of povidone-iodine on relevant microorganisms: an
electron-microscopic  and biochemical study.
Dermatology. 1997;195(2):111-116.

Lachapelle JM. Allergic contact dermatitis from povi-

done-iodine: a  re-evaluation study. Contact
Dermatitis. 2005;52(1):9-10.
Anderson DE, Sivalingam V, Kang AEZ, et al.

Povidone-lodine demonstrates rapid in vitro virucidal
activity against SARS-CoV-2, the virus causing COVID-
19 disease. Infect Dis Ther. 2020;9(3):669-675.

Bidra AS, Pelletier JS, Westover JB, et al. Comparison
of in vitro inactivation of SARS CoV-2 with hydrogen
peroxide and Povidone-lodine oral antiseptic rinses. J
Prosthodont. 2020;29(7):599-603.

Bidra AS, Pelletier JS, Westover JB, et al. Rapid in-Vitro
inactivation of severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) using Povidone-lodine oral
antiseptic rinse. J Prosthodont. 2020;29(6):529-533.
Sriwilaijaroen N, Wilairat P, Hiramatsu H, et al.
Mechanisms of the action of povidone-iodine against
human and avian influenza A viruses: its effects on
hemagglutination and sialidase activities. Virol J.
2009;6:124.

Kariwa H, Fujii N, Takashima I. Inactivation of sars cor-
onavirus by means of povidone-iodine, physical con-
ditions and chemical reagents. Dermatology. 2006;
212(1):119-123.

Eggers M, Koburger-Janssen T, Eickmann M, et al. In
vitro bactericidal and virucidal efficacy of Povidone-
lodine gargle/mouthwash against respiratory and oral
tract pathogens. Infect Dis Ther. 2018;7(2):249-259.
Eggers M, Eickmann M, Zorn J. Rapid and effective
virucidal activity of Povidone-lodine products against
Middle east respiratory syndrome coronavirus (MERS-
CoV) and modified vaccinia virus Ankara (MVA). Infect
Dis Ther. 2015;4(4):491-501.

Vergara-Buenaventura A, Castro-Ruiz C. Use of mouth-
washes against COVID-19 in dentistry. Br J Oral
Maxillofac Surg. 2020;58(8):924-927.

Frank S, Capriotti J, Brown SM, et al. Povidone-lodine
use in sinonasal and oral cavities: a review of safety

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

in the COVID-19 era. Ear Nose Throat J. 2020;99(9):
586-593.

Seet RCS, Quek AML, Ooi DSQ, et al. Positive impact
of oral hydroxychloroquine and povidone-iodine
throat spray for COVID-19 prophylaxis: an open-label
randomized trial. Int J Infect Dis. 2021;106:314-322.
Castro-Ruiz C, Vergara-Buenaventura A. Povidone-
lodine solution: a potential antiseptic to minimize the
risk of COVID-19? A narrative review. J Int Soc Prev
Community Dent. 2020;10(6):681-685.
Cavalcante-Leao BL, de Araujo CM, Basso IB, et al. Is
there scientific evidence of the mouthwashes effect-
iveness in reducing viral load in covid-19? A system-
atic review. J Clin Exp Dent. 2021;13(2):e179-e89.

Reis INR, do Amaral G, Mendoza AAH, et al. Can pre-
procedural mouthrinses reduce SARS-CoV-2 load in
dental aerosols? Med Hypotheses. 2021;146:110436.
Mendez J, Villasanti U. Use of povidone as a mouth-
rinse to decrease the viral load of covid-19 before
dental care: review of the literature. Am J Dent. 2020;
33(5):248-250.

Sette-de-Souza PH, Soares Martins JC, Martins-de-
Barros AV, et al. A critical appraisal of evidence in the
use of preprocedural mouthwash to avoid SARS-CoV-
2 transmission during oral interventions. Eur Rev Med
Pharmacol Sci. 2020;24(19):10222-10224.

Chorney SR, Rizzi MD, Dedhia K. Considerations for
povidone-iodine antisepsis in pediatric nasal and pha-
ryngeal surgery during the COVID-19 pandemic. Am J
Otolaryngol. 2020;41(6):102737.

Parhar HS, Tasche K, Brody RM, et al. Topical prepara-
tions to reduce SARS-CoV-2 aerosolization in head
and neck mucosal surgery. Head Neck. 2020;42(6):
1268-1272.

Schenck HU, Simak P, Haedicke E. Structure of poly-
vinylpyrrolidone-iodine (povidone-iodine). J Pharm
Sci. 1979;68(12):1505-1509.

Lepelletier D, Maillard JY, Pozzetto B, et al. Povidone
iodine: properties, mechanisms of action, and role in
infection control and Staphylococcus aureus decolon-
ization. Antimicrob Agents Chemother. 2020;64(9):
€00682-20.

Rackur H. New aspects of mechanism of action of
povidone-iodine. J Hosp Infect. 1985;6:13-23.

Zaffe D, Spinato S, Bertoldi C. A new histological
method to study oral soft tissue penetrability to iod-
ine and optimize oral use of iodine solutions. J Biol
Regul Homeost Agents. 2019;33(5):1641-1646.
Chundamala J, Wright JG. The efficacy and risks of
using povidone-iodine irrigation to prevent surgical
site infection: an evidence-based review. Can J Surg.
2007;50(6):473-481.

Fournel I, Tiv M, Soulias M, et al. Meta-analysis of
intraoperative povidone-iodine application to prevent
surgical-site infection. Br J Surg. 2010;97(11):
1603-1613.

Grzybowski A, Kanclerz P, Myers WG. The use of povi-
done-iodine  in  ophthalmology. Curr  Opin
Ophthalmol. 2018;29(1):19-32.

Homann HH, Rosbach O, Moll W, et al. A liposome
hydrogel with polyvinyl-pyrrolidone iodine in the


https://doi.org/10.1080/07853890.2022.2076902

[29]

(30]

[31]

[32]

[33]

[34]

[35]

(36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

local treatment of partial-thickness burn wounds. Ann
Plast Surg. 2007;59(4):423-427.

Georgiade NG, Harris WA, Georgiade NG. Open and
closed treatment of burns with povidone-iodine.
Plastic Reconstruct Surg. 1973;52(6):640-644.

Gottardi W. lodine and disinfection: theoretical study
on mode of action, efficiency, stability, and analytical
aspects in the aqueous system. Arch Pharm Pharm
Med Chem. 1999;332(5):151-157.

Mason RJ. Pathogenesis of COVID-19 from a cell biol-
ogy perspective. Eur Respir J. 2020;55(4):2000607.

Hou YJ, Okuda K, Edwards CE, et al. SARS-CoV-2
reverse genetics reveals a variable infection gradient
in the respiratory tract. Cell. 2020;182(2):429-446 e14.
Davies K, Buczkowski H, Welch SR, et al. Effective
in vitro inactivation of SARS-CoV-2 by commercially
available mouthwashes. J Gen Virol. 2021;102(4):
001578.

Hassandarvish P, Tiong V, Mohamed NA, et al. In vitro
virucidal activity of povidone iodine gargle and
mouthwash against SARS-CoV-2: implications for den-
tal practice. Br Dent J. 2020;1-4.

Statkute E, Rubina A, O’'Donnell VB, et al. Brief report:
the virucidal efficacy of oral rinse components against
SARS-CoV-2 in vitro. bioRxiv. 2020. 2020.11.13.381079.
Tucker SP, Goodall S, Julander J, et al. In vitro inacti-
vation of SARS-CoV-2 with 0.5% povidone iodine
nasal spray (Nasodine) at clinically relevant concentra-
tions and timeframes using tissue culture and PCR
based assays. bioRxiv. 2021. 2021.01.31.426979.

Jain A, Grover V, Singh C, et al. Chlorhexidine: an
effective anticovid mouth rinse. J Indian Soc
Periodontol. 2021;25(1):86-88.

Liang B, Yuan X, Wei G, et al. In-Vivo toxicity studies
and in-vitro inactivation of SARS-CoV-2 by povidone-
iodine in-situ gel forming formulations. bioRxiv 2020.
10.1101/2020.05.18.103184

Pelletier JS, Tessema B, Frank S, et al. Efficacy of
Povidone-lodine nasal and oral antiseptic prepara-
tions against severe acute respiratory Syndrome-
Coronavirus 2 (SARS-CoV-2). Ear Nose Throat J. 2021;
100(2):1925-196s.

Shet M, Westover J, Hong R, et al. In vitro inactivation
of SARS-CoV-2 using a povidone-iodine oral rinse.
BMC Oral Health. 2022;22(1):47.

Xu C, Wang A, Hoskin ER, et al. Differential effects of
antiseptic mouth rinses on SARS-CoV-2 infectivity
in vitro. Pathogens. 2021;10(3):272.

Carrouel F, Goncalves LS, Conte MP, et al. Antiviral
activity of reagents in mouth rinses against SARS-
CoV-2. J Dent Res. 2021;100(2):124-132.
Sette-De-Souza PH, Costa MJF, Amaral-Machado L,
et al. Dental workers in front-line of COVID-19: an in
silico evaluation targeting their prevention. J Appl
Oral Sci. 2021;29:€20200678.

Arefin MK, Rumi S, Uddin A, et al. Virucidal effect of
povidone iodine on COVID-19 in the nasopharynx: an
open-label randomized clinical trial. Indian J
Otolaryngol Head Neck Surg. 2021;1-5.

[45]

[46]

[47]

[48]

[49]

[50]

[51]

(52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

ANNALS OF MEDICINE . 1497

Elzein R, Abdel-Sater F, Fakhreddine S, et al. In vivo
evaluation of the virucidal efficacy of chlorhexidine
and povidone-iodine mouthwashes against salivary
SARS-CoV-2. A randomized-controlled clinical trial. J
Evid Based Dent Pract. 2021;21(3):101584.

Ferrer MD, Barrueco AS, Yolanda MB, et al. Clinical
evaluation of antiseptic mouth rinses to reduce saliv-
ary load of SARS-CoV-2. Sci Rep. 2021;11(1):24392.
Guenezan J, Garcia M, Strasters D, et al. Povidone iod-
ine mouthwash, gargle, and nasal spray to reduce
nasopharyngeal viral load in patients with COVID-19:
a randomized clinical trial. JAMA Otolaryngol Head
Neck Surg. 2021;147(4):400-401.

Martinez Lamas L, Diz Dios P, Pérez Rodriguez MT,
et al. Is povidone iodine mouthwash effective against
SARS-CoV-2? First in vivo tests. Oral Dis. 2022;28(1):
908-911.

Mohamed N, Shahida W, Sulaiman W, et al. Early viral
clearance among COVID-19 patients when gargling
with Povidone-lodine and essential oils: a clinical trial.
Int Med J. 2020;27:651-654.

Seikai T, Takada A, Hasebe A, et al. Gargling with
povidone iodine has a short-term inhibitory effect on
SARS-CoV-2 in patients with COVID-19. J Hosp Infect.
2022;123:179-181.

Seneviratne CJ, Balan P, Ko KKK, et al. Efficacy of com-
mercial mouth-rinses on SARS-CoV-2 viral load in sal-
iva: randomized control trial in Singapore. Infection.
2021;49(2):305-311.

Arefin MK. Povidone iodine (PVP-I) Oro-Nasal spray:
an effective shield for COVID-19 protection for health
care worker (HCW), for all. Indian J Otolaryngol Head
Neck Surg. 2021;1-6.

Wu X, Wang Z, He Z, et al. A follow-up study shows
that recovered patients with re-positive PCR test in
wuhan may not be infectious. BMC Med. 2021;19(1):
77.

Lu J, Peng J, Xiong Q, et al. Clinical, immunological
and virological characterization of COVID-19 patients
that test re-positive for SARS-CoV-2 by RT-PCR.
EBioMedicine. 2020;59:102960.

Burks RI. Povidone-iodine solution in wound treat-
ment. Phys Ther. 1998;78(2):212-218.

Van den Broek PJ, Buys LF, Van Furth R. Van furth R.
Interaction of povidone-iodine compounds, phago-
cytic cells, and microorganisms. Antimicrob Agents
Chemother. 1982;22(4):593-597.

Tatnall FM, Leigh IM, Gibson JR. Comparative study of
antiseptic toxicity on basal keratinocytes, transformed
human keratinocytes and fibroblasts. Skin Pharmacol.
1990;3(3):157-163.

Sato S, Miyake M, Hazama A, et al. Povidone-iodine-
induced cell death in cultured human epithelial HelLa
cells and rat oral mucosal tissue. Drug Chem Toxicol.
2014;37(3):268-275.

Niedner R. Cytotoxicity and sensitization of povidone-
lodine and other frequently used anti-Infective
agents. Dermatology. 1997;195(2):89-92.


https://doi.org/10.1101/2020.05.18.103184

1498 N.-A. LIM ET AL.

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

Leaper DJ, Durani P. Topical antimicrobial therapy of
chronic wounds healing by secondary intention using
iodine products. Int Wound J. 2008;5(2):361-368.
Bigliardi P, Langer S, Cruz JJ, et al. An asian perspec-
tive on povidone iodine in wound healing.
Dermatology. 2017;233(2-3):223-233.

Burton MJ, Clarkson JE, Goulao B, et al. Antimicrobial
mouthwashes (gargling) and nasal sprays adminis-
tered to patients with suspected or confirmed COVID-
19 infection to improve patient outcomes and to pro-
tect healthcare workers treating them. Cochrane
Database Syst Rev. 2020;9:Cd013627.

Mitsui T, Harasawa R. The effects of essential oil, povi-
done-iodine, and chlorhexidine mouthwash on saliv-
ary nitrate/nitrite and nitrate-reducing bacteria. J Oral
Sci. 2017;59(4):597-601.

lijima S, Kuramochi M. Investigation of irritant skin
reaction by 10% povidone-iodine solution after sur-
gery. Dermatology. 2002;204(1):103-108.

Rees A, Sherrod Q, Young L. Chemical burn from
povidone-iodine: case and review. J Drugs Dermatol.
2011;10(4):414-417.

Borrego L, Hernandez N, Hernandez Z, et al.
Povidone-iodine induced post-surgical irritant contact
dermatitis localized outside of the surgical incision
area. Report of 27 cases and a literature review. Int J
Dermatol. 2016;55(5):540-545.

Haaf F, Sanner A, Straub F. Polymers of N-
Vinylpyrrolidone: synthesis, characterization and uses.
Polym J. 1985;17(1):143-152.

Khan MM, Parab SR. Tolerability and usability of 0.5%
PVP-1 gargles and nasal drops in 6692 patients: obser-
vational study. Am J Otolaryngol. 2021;42(2):102880.
Gluck U, Martin U, Bosse B, et al. A clinical study on
the tolerability of a liposomal povidone-iodine nasal
spray: implications for further development. ORL J
Otorhinolaryngol Relat Spec. 2007;69(2):92-99.
Pedrosa C, Costa H, Oliveira G, et al. Anaphylaxis to
povidone in a child. Pediatr Allergy Immunol. 2005;
16(4):361-362.

Itazawa T, Adachi Y, Okabe Y, et al. A child case of
anaphylaxis to polyvinylpyrrolidone containing medi-
cines. J Allergy Clin Immunol. 2006;117(2):5134.
Castelain F, Girardin P, Moumane L, et al
Anaphylactic reaction to povidone in a skin antiseptic.
Contact Dermatitis. 2016;74(1):55-56.

Adachi A, Fukunaga A, Hayashi K, et al. Anaphylaxis
to polyvinylpyrrolidone after vaginal application of
povidone-iodine. Contact Dermatitis. 2003;48(3):
133-136.

Prieto-Garcia A, Tomas M, Pineda R, et al. Skin test-
positive immediate hypersensitivity reaction to iodi-
nated contrast media: the role of controlled challenge
testing. J Investig Allergol Clin Immunol. 2013;23(3):
183-1809.

Hinkle JW, Wykoff CC, Lim JI, et al. lodine allergy” and
the use of povidone iodine for endophthalmitis
prophylaxis. J VitreoRetinal Dis. 2020;4(1):65-68.

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

(88]

[89]

[90]

Wulf NR, Schmitz J, Choi A, et al. lodine allergy: com-
mon misperceptions. Am J Health Syst Pharm. 2021;
78(9):781-793.

Fine PD. A clinical trial to compare the effect of two
antiseptic mouthwashes on gingival inflammation. J
Hosp Infect. 1985;6:189-193.

Shiraishi T, Nakagawa Y. Evaluation of the bactericidal
activity of povidone-iodine and commercially avail-
able gargle preparations. Dermatology. 2002;204(1):
37-41.

Hitosugi T, Tsukamoto M, Yokoyama T. Pneumonia
due to aspiration of povidine iodine after preopera-
tive disinfection of the oral cavity. Oral Maxillofac
Surg. 2019;23(4):507-511.

Howe DJ. Aspiration pneumonia from povidone-iod-
ine (betadine): report of case. J Oral Surg. 1981;39(3):
224-225.

An TH, Ahn BR. Pneumonia due to aspiration of povi-
dine iodine after induction of general anesthesia -A
case report-. Korean J Anesthesiol. 2011;61(3):
251-256.

Sato K, Ohmori T, Shiratori K, et al. Povidone iodine-
induced overt hypothyroidism in a patient with pro-
longed habitual gargling: urinary excretion of iodine
after gargling in normal subjects. Intern Med. 2007;
46(7):391-395.

Guo W, Pan Z, Zhang Y, et al. Saliva iodine concentra-
tion in children and its association with iodine status
and thyroid function. J Clin Endocrinol Metab. 2020;
105(9):dgaad71.

Ferguson MM, Geddes DA, Wray D. The effect of a
povidone-iodine mouthwash upon thyroid function
and plaque accumulation. Br Dent J. 1978;144(1):
14-16.

Ader AW, Paul TL, Reinhardt W, et al. Effect of mouth
rinsing with two polyvinylpyrrolidone-iodine mixtures
on iodine absorption and thyroid function. J Clin
Endocrinol Metab. 1988;66(3):632-635.

Nobukuni K, Kawahara S. Thyroid function in nurses:
the influence of Povidone-lodine hand washing and
gargling. Dermatology. 2002;204(1):99-102.

Koga Y, Sano H, Kikukawa Y, et al. Effect on neonatal
thyroid function of povidone-iodine used on mothers
during perinatal period. J Obstet Gynaecol (Tokyo
1995). 1995;21(6):581-585.

Hamming |, Timens W, Bulthuis ML, et al. Tissue distri-
bution of ACE2 protein, the functional receptor for
SARS coronavirus. A first step in understanding SARS
pathogenesis. J Pathol. 2004;203(2):631-637.

Shieh WJ, Hsiao CH, Paddock CD, et al
Immunohistochemical, in situ hybridization, and ultra-
structural localization of SARS-associated coronavirus
in lung of a fatal case of severe acute respiratory syn-
drome in Taiwan. Hum Pathol. 2005;36(3):303-309.
Wolfel R, Corman VM, Guggemos W, et al. Virological
assessment of hospitalized patients with COVID-2019.
Nature. 2020;581(7809):465-469.



[91]

[92]

[93]

[94]

Lin CT, Raman R. Comparison of the efficacy between
oral rinse, oral gargle, and oral spray. J Prim Care
Community Health. 2012;3(2):80-82.

Patel SK, Ghufoor K, Jayaraj SM, et al. Pictorial assess-
ment of the delivery of oropharyngeal rinse versus
oropharyngeal spray. J Laryngol Otol. 1999;113(12):
1092-1094.

Fuse Y, Ito Y, Yamaguchi M, et al. High ingestion rate
of iodine from Povidone-lodine mouthwash. Biol
Trace Elem Res. 2021;1-8.

Nagatake T, Ahmed K, Oishi K. Prevention of respira-
tory infections by povidone-iodine  gargle.
Dermatology. 2002;204(1):32-36.

[95]

[96]

[97]

(98]

ANNALS OF MEDICINE . 1499

Moghadas SM, Fitzpatrick MC, Sah P, et al. The implications
of silent transmission for the control of COVID-19 out-
breaks. Proc Natl Acad Sci USA. 2020;117(30):17513-17515.
Suresh V, Sharma S, Aggarwal A. Preanesthetic
Povidone-lodine gargles for patients with COVID-19. J
Clin Anesth. 2020;67:110035.

Liu Y, Yan LM, Wan L, et al. Viral dynamics in mild
and severe cases of COVID-19. Lancet Infect Dis. 2020;
20(6):656-657.

Ross MH, Pawlina W. Histology: a text and atlas: with
correlated cell and molecular biology. 6th ed.
Philadelphia (PA): Wolters Kluwer/Lippincott Williams
& Wilkins Health; 2011.



	Abstract
	Introduction
	Materials and methods
	Pharmacology and antiviral actions of povidone-iodine
	Efficacy of povidone-iodine against the SARS-CoV-2 virus
	Safety and tolerability of povidone-iodine in the oropharyngeal mucosa
	Irritant and allergenic potential of povidone-iodine
	Impact on thyroid function

	Practical considerations when applying povidone-iodine
	Clinical applications

	Conclusions
	Acknowledgements
	Author contributions
	Disclosure statement
	Funding
	Data availability statement
	References


